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I^^6que!tu7•<lomain dedsion feedback equ^^ 



The present inventioii relates to a frequency-domain decision, feedback 
equalizer device for angle earner modulation, preferably &r use in a broadband 
ccmtmnnication system. Further, Ihe present inveaticm relates to a r 
of a coimmmicatiott system usiug a angle caxxier modulation as well as io a communicBtion 
5 system indndiog suoh a transmitter and such a recoiver. Kforeovei; the present inveotioiL 
relates to a ^lequeiicy-dcuxiain decision feedback equalizing method Sat single carder 
modulatiot), preferably &r use in a broadband oommumcaiioii system. Fina^y, &6 prraeat 
inventioa relates to a method fixr transmitting data using a single oanier moduIatlQn. 

Such paracuses, meibod and system are pref^^Iy used in wired and 
10 wirelaw transmission systems like xDSI^ DAB and DVB. 



US 6,052»702 A discloses a dedsion feedback fitter device con^iising a 
fferwatd filtac and a feedbacik filter fio- tibe production, fiom iiqjut symbols, of the 
15 <»nespandingdecisicms,Tlieferwaid filter (BP) receives the in^ 

filter receives the dedslons. The ferward filter caxdes out a firequency domaut Altering of 
blocks of M ii^ut ^rdbols* and the ffeedbadc filter carries out a ftequency domain, filtering of 
blocks of L decisions^ with L bang low«? than M. The feedback filter peamite the 
intersymbol inteifeenoe caused by floe reception of echoes to be rectified. 
20 US 6,148,024 A describes a system and a method fijr traosmitdng coded 

informadon bits using muMtone tedmiqites on a fianie4>y-ftanifl basis. For transmisaon, 
coded infomiadon bits are mt^ed into djfferential phase signals and absolute phase signals 
are generated based on di^rential phase.sigiisils. N conffiljac.sjTOboJs are then generated and 
inverse discrete Fourier transflmned into N complex, time-domain samples, which are 
25 augmeobed with a oyclLo prefix and suffix. The augmented N conx^flex, time-domain samples 
are then separated into two real samples and converted into first and seoondbaseband i^gnals. 
The first and second baseband signals are increased into quadratnre carrier coiiq)on»its to 
ffcaan in-phase and quadrature si^al con^onents which are combined into an RF signal prior 
to transmission. For reception, a received BF signal is non-coher«itly quadratnre 
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^ 28.08J2002 
demodulated into first and second quadrature baseband sigoals. First and second quadrature 
sample sequ^oes are generated by sampling the quadrature baseband signals in paraUeL The 

added oyeUc prefix and snfSx are disoaided^aodjvr^o^npbx^inmber^-ar^generated-^m^^^ 

first and second quadrature (real) sample sequaices. N channel-weighted tones are generated 
5 by performing a discrete Fourier transform on the N complex numbers. N phase difference 
signals are generated which are demapped into coded infbnnation bits according to a 
predetermined phase constellation. 

WO 01/35561 Al, describes amnlticarriar digital transmission system, 
wherem an emitter converts a serial input data stream into a set of parallel subsfreams and an 
10 OQAM modulator receives and suppUes each subslieam to an input of a synthesis filterbank. 
Synchronization input(s) of the filter bank receive an OQAM signal that catties a data 
sequence. This sequence contains frame, superframe and hyperftarae synchraoizalion 
patterns, and specifies the mtxabsi of bits allocated to each subchaimeL A receiver inchides 
an analysis filter bank that decomposes the muWcarria: signal into a set of elementary signals 
15 for each subchannel. A synchronizing processing blodc xeodves oi]%>ut(s) of the filter bank 
fiir synchronization subchannel(s). The block mdtades a first cascade of bloote liiat conteol 
receiver san^Img times, and a second cascade ofblodcs that esctract synchronizafian patterns 
and subchannel bit assignment data. Other filterbank ou^uts are each coupled to a oasoade 
subchannd equalizer Allowed by a data extractor and apaxallel-to-serial converter. 
20 US 2001/0026578 Al discloses a code division rauMple access (CDMA) 

_ . (raiaaaito and recelver^^^ a trjmsnms^on assembly including.^ serial-tp-paiallel 

converter fijr convoting transmission data into a modulation irq>ut wave conqjosed of real 
and imaginary parts of a complcK nnmbar, a psendo random noise (PN) generator far 
generating real aod imaginaiy parts of a oonqjleac spread spectrum code in ^5*ioh real and 
25 imaginary parts are micorrelated and random, a q[«read spectrum modidato^ 

modulation on fiie tran»Qission data by producing complex numbers of flie modulation input 
wave fiomtiifl serial-to-parand converter and the oon:?)lcx qoead spectrum code fi^ 
PN generator, a vector combiner for comMirii^ naal and brr»^^r,^-^^ gienala ontptrtted 
fiom the spread spectrum modulator, a transmit fitter fbr limiting a band of an on^nt signal 
30 fiom iJie vector combiner. The CDMA transmitter and reoaver have a reception assembly 
including a receive filtw for limiting a band of received signal flrom the transmiasion 
assembly, a fiaotionally t^ qiacing equalizer fbr sampling liie received signal at a rate which 
is an integral nmltlple of a oh^) rate thereof and a wavefbrm equalizer comprising a tranveial 
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3 28.08^002 
digital fQter which, uses a recursive least square ad^trve algorithm fia: updating filer 
coefficients. 

WO 01/20919 Al discloses a method and apparatus for adaptively compensa- 
ting for chanixel or system variations in which adaptive compensation is used in the receiver 
5 of a digital communication system. The transmitt^ of the digital communication system 
includes a precoder. The adaptive receiver con^^ation mitigates the inteorference not 
removed by the transmitter precoder* In an embodiment^ the adaptive compensation can be 
performed using an ad^tive fbedforwaid filter and a feedbad^ filter in the receiver* The 
feedback filter output is generated ba^ed on previous values of estimates of tiie transmitted 
10 precoded sequenee. The detemuned value of Hie feedback filter coefficients can be 
pedodicaUyidayed to the tratisnntter alter 

predetermined Ihreshold. Acoord]ngly» the recdver adaptively and automaticatly 

compensates &irmisa4iustments of the fixed tcansmitter precoder with respect to &e actual 

channel at a gtvm point in time. 
15 Broadband cammunloation systems are characterizedby very dispersive 

channels. To &ce this phenomenon, t^o modulation techniques can be used, namely a single 

carder (SC) modulation with broadband equalization^ or a multi carder modulation with 

Orihogpaal fiiequ^icy division multiplexuig (OFDM). 

Ihd advantages of sin^ cairl^ xnoddlation over OFDM are that: 
20 the mergy of an individml bit is di stributed over the whole fi^uency 
^ spectrum so that in disp^sive chamiels,' when no adaptive modulation is used, the perfor 

mance of single carrier modulation is bettar than that of OFDM^ 

- the p eak on average power ratio is lower than that of OFDM, yielding 
simpler power amplifier and lower power consumption 

25 - the sin^e cazrier modulation is less sensible as to carder fi:equency of&ets 

. and non-linear distortion tiian OFDM, and 

- the single carrier modulation has a bettor bandwidUi eflBciency, whereas 
OFDM requires a cyclic prefix, 

whereas the main disadvantages of sin^e carrier modulation over OFDM are thatr 
30 - when adaptive modulation is used, OFDM yiel^ better performance, in 

temis of bit error rate, than single carrier modulation with linear equalization, and 

- linear and decision feedback equalization of single carrier modulation is 
rather complex, whereas for OFDM a simple equaliziation technique is available based on a 
cyclic prefix and a one-tap per sub-cazrica: equalizer. 
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It is therefore an ob ject of the t^res ent inveatiQrt to essenliaJly overcame tlift 

above mentioned drawbaclcs of the single oanier modulation while essentially keeping the 
above mentioned advantages of a single carrier modulation, and, thna, to increase the 
perfoimance of a single earner modulation system. 

In order to achieve the above and further objects, in accordance witii a first 
aspect of the present invention, there is provided a frequency-domain decision feedback 
equalizer device for single carrier modulation, preferably for use in a broadband 
communication system, including a j^rst section comprising; 

- a fast Fourier transfoimiiig meaos for performing a fast Fourier 
transformation on a frst vector of signals xcpntted into said first section^ and outputtiog a 
second vector of signals^ 

- a feed forward equalization means for performing a feed forward 
equalization by mnltiplying each of the componeuts of said second vector of signals with 
equalization parameters, and ou^utting a third vector of signals, and 

- an inv^e fast Foutier trans&iming means for performing an inverse 
Fourier transfomiation on said third vector of sigaals, and oulputtine a fourtlx vector of 
signals; and a second section comprising: 

- a feedback filter means for perfommig a Unear filtedng of a signal derived 
.ftom an^ulpntsigi?j4,of said second sec^^ .. . . _ .^^ , 

- an adding means §ot adding ibe output sigoal of said feedb ack fllt» means to 
the output signal of said first section, and 

• a detector means for receiving the oulput sigual of said adding means and 
generating said output signal of said second section by extracting samples fiom the output 
signal of said adding means. 

In accordance with a second aspect of the present inv^ition, there is provided 
a fiequenoy-domain decision feedback equalizmg method for single oaxtier modulation, 
pre&rably fbr use in a broadband communication system, coirqptising the steps of^ 
in a first section: 

- perfoxruing a &st Fourier trans&xmation on a first vector of signals inputted, 
and as aresult providing a second vector of signals, 
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- perfbmiing a feed forward eqxjalizatioit by multiplying each of the 
components of said second vector of signals ivith equalization parameters, and as a result 
providing a third vector of signals, 

- performing an inverse fest Foniier transformation on said third vector of 
5 ^gnals, and as a result providing a fourth vector of signals, and 

- providing an output signal of said &st section on the basis of said fourth 
vector of signals; and 

in a second sectionr 

- perfoijmng a linear feedbadk filtering of a signal derived £bom an ontpnt 
10 signal of said second section* and providing a filtered signal^ 

addmg said filt^ed sigual to said output signal of said first section, and 
providing an added signal* and 

generating said ou^ut signal of said second section by extracting sanqiles 
fiom said added signal. 

15 With the present invention, a new fieguenoy-domain decision feedback: 

equalization for single earner modulation is provided* "vvfaidh makes use of a data block 
transmission format similar to that of die multlcarrier modulation with orthogonal frequency 
division mult^lexing ivith cyclic prefix. Simulations show that flie fiequency-domain 
decision feedback equaliza:(ioA of the present invention yields a cs^acity very close to that of 

20 OFDM. When no channel loading is considered, the present invention performs closely to 
^ OFDM for Qio same averaged ftame error in a coded transmission, . • - 

In particular, Ihe present invention provides a suitable sotulion for the problem 
of peak on average power ratio, ^^^diich problem is typical for OFDM systems with esrexi an 
improved performance ov^ conv^onal single canier modulation architectures. Moreover, 

25 the new ardbitecture according to the present inv^tion provides a reliable communication 
system with a significantly lower complexity than conventional architectures. Namely, the 
present invention provides a physical-layer transmission architecture which ensures a reliable 
transmission and has a similar.performance as OFDM and a significantly increased . 
perfbmiance over conventional frequency-domain linear equalization, whereas all the 

30 advantages of single carrier modulation are essentially kept. Finally, since the present 

invention operates on a per-block basis, error propagation through the feedback filtCT means 
is limited to one block, which is a fUrther important advantage over the conventional time- 
domain decision feedback equalization when operating at low signal-to-noise ratio (SNR) 
values. 
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Fur&er advantageous embedments of tiie above mentioned equalizing device 
and method are defined in the dependent claims 2 to 11 and 19 to 28, 

lPrefeably, J»jihe3edjQDv^d-eqiiali2atiQH,-eq^ 



generated ad^ted fer minimizing the signal-to-noise ratio of the signal pmcessed, 
5 particularly in the output signal of said first section. In particular, said equalization 

parameters are generated by taking into account a fast Fourier tranafoimation estimation of a 
chaimel impvlse response of the signal processed, preferably in the ou^ signal of said fiist 
section. 

In a fur&er preferred ajobodimeiit, a sequence of signals irputted into said 
10 first section is serial-to-parallel converted to said first vector of signals, and said fourth vector 
of signals is parallel-to-serial contvearted to a sequence of ou^ signals of said- first sectiojj. - - ■ 
Jn particular, scalar signals are processed. The signal-to-parallel convairting can be provided 
to generate said first vector of signals including blocks of a predetermined iramber of 
consecutive sancjples of the signals iiqmtted into said first section. In particular, scalar signals 
15 are outputtedby said parallol-to-serial converting in the first section and said linear feedback 
filtering in said second section. The scalar signals may be constituted by ccnsecotive blocks 
of apredeteimined num[b«r of samples, eadi block beirig built with apreifeterml^ 



Vfbsn eKtracting san^les in said second section, discrete time signals bscb 
20 usually proc^^ 

. — ...... .fii a still further ptefecred embodlinentof the present iavention, tte output 

signal of said second section is kputted into a feedback ixxput generator means ^viiicli 
provides an output signal wWch is built by consecutive blocks, eacOi block including first a 
pseudo noise (PN) sequence and second a predetennined number (M) of samples fiom said 
25 output signal of said section^ to said feedback filter means. 

to accordance with a tUrd aspect of the preseirt ii^^ 
xieceiyer of a c ommt mi c ation system using a single earner modulationj, which receiver 
includes the above described ftequemgr-domain decision feedback equalizer device. 

In accozdance with a fourth aspect of the present invexition there is provided a 
30 transmitter of a communication sysstem using a single canier modulation, for transmitting 
data, comprising a modnJaling means for oigjttiizmg the data in blocks wherahi each block is 
separated by a sequence of apredetemimed signal. 

In accordance wlfli a fiflh aspect of ttie presmt invention there is provided a 
method for transmitthig data using a aingle carrier modulation, comprising a mo f^tiiftt^ng gtep 
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for organizing the data in blocks whereia each block is separated by a sequence of a prede- 
termined signal 

Further embodiments of the present invention according to the fourth and fifth 
aspect are defined in the dependent claims 14 to 16 and 30 to 32. Preferablyj^ said sequence 
5 may be fixed. 

In a fbrther preferred embodiment* said sequence is a pseudo noise (FI^ 
sequence. So, the transmitting comprises a modulation which organizes in a specific vi&y the 
infonnation, i.6. transmits bbcks of signals separated by FN sequences of other signals which 
xnay be e.g. a rqpetition of symbol or a repetition of a sequence of symbols. 
10 The above described objects and other aspects of the present invention will be 
.... betta understood by the following d^cription and &e accompanying^Figures. 
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A prefecred embodiment of the present invention is described with reference to 
15 the drawings in wbich; 

Fig. 1 sixows the physical lay^of an overall transmisslan scheme of a 
commuziication system in block diagram; 

Fig. 2 the modulator data fomiat; and 

Fig. 3 a block diagram of the ftequenoy-domain decision feedbadc equa]i;zer 
20 provided in the system shown in Fig. 1. 



Any commnnlcations system includes a physical layer. This lay^ conveys the 
bit stream (electrical impulse, light or radio signals) dirough a network at the dectrical and 

25 medhanical level. It provides &e hardware means of shading and receiving data on a earner, 
including defining cables and physical aspects^ 

A -^ical operation of a physical layer is described hereinafter by refeiring to 
Fig. 1 - At the. transmitting side input bit data QN) are first »coded to reduce the enor probar 
bility and to obl^ a signal e (block^C). Encoded bits e are m^ped into complex symbols 

30 taken from a set which is named constellation (block JkCiP.). A stream of baseband distarete- 
time complex symbols d is obtained. The stream d is modulated to generate another discrete- 
time baseband complex signal by a modulator (block MOD.). The baseband signal is 
converted into an analog signal and* by front end, transmitted on the medixmia (block FIL 
END.Tx). 
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At the receiving side a reverse operation is performed. A front end (block FR. 
END. Sx) converts tlie received contimioiis-tme analog signal into a discrete-time complex 

^baseband $igiial./--^An>equaliter^is-appK 

taken from a coustcUation Q>lock ^QUAL.). Demapping is perfbimed to obtain a stream of 
5 bits d (block DEMAP.), Decoding is then applied to obtain the output signal (block DEC). 
Further blocks must be inchided at the receiving side, like a synchronization block (JSYNQ 
and a ohannd estimation block (GK EST.) which recover infibrmation on the transmission 
medium. 

DithefoUovring, the modnlator (block MOD. inFig. 1) at the transmitting side 
10 is described in greater detail 

The discrete-time signal //is inputted ^ 
$ is ou^utted with a rate {MtL)fT^^ wherein M is the integer niraiber of data symbol in 
each transmission block and i is an integer and dejSnes the length of a pseudo noise (PN 
sequence) wherein L should be greater than the length of the channel impulse response. 
15 As shovvn in Pig. 2, the input data stream is organized into blocks ofM 

adjacent symbolSj» and a PN sequence is added at the end of each block, thus obtaining blocks 
of size ikfW which are sent to the output in sequence. At the beginning of the operation, an 
additional PN sequence is trat^mitted 

So;, in the modulator^ data symbols are organized in blocks md each block is 
20 separated by a fixed sequence of symbol, wherein this transmission fomiat is denoted as PN- 
ext^ision. After being fi>imatted according to this rule^, the symbols are transmitted. 

The PN sequence can be also built with symbols not contained in the 
constellation, &>r example a sequence of zeros. 

A fiirflier essential component is the firequency-domain decision feedback 
25 equahzer (block EQUAL, in Fig. 1) at the receiving side wMch is described hereinafier in 
greater detail by referring to Fig. 3. 

Ih the equalizer, the disc^ete^time complex baseband signal r is processed to 
' remove the interf^eaice due to "the ttans^ 

slxucture, including a filtering process operating efEici^itly with (inverse) £ast Fourier 
30 transformation (I)FFT» a decision element and a filtering and cancellation processing. 

As shown in Fig. 3, the signal r> which is a scalar signal and outpntted firom 
the receiver front end (blodc FILEND Sx in Fig, 1), is inputted into a serial to parallel 
converter (block S/P in Fig. 3). The S/P block gen^tes blocks of P consecutive samples of 



PHIT020025BPP 



015 30.08.2002 15:37 



9 28.08.2002 
the input signal with P^M-^L. The oiitput signal g is a vector signal which is inputted into 
a fast Fourier transformation block FFT. The FPT block perfonns the fast Foinier 
transfemxation on each input block. The output is a vector of signals {R^ with P ' 

components. Each signal R^^ /i^^l,...^-! is multiplied by Opp^j^ so as to achieve a feed 
5 foi^ard eqtiaUzatioiL The result is a vector signal {Y^ with P components which is inputted 
into an inverse fest Fourier transfoimalion block ZPiT. In the iFi*TbIock» an inverse fa^t 
Fourier transfonnation is applied to each block of the vector signal {I^} to give a vector 

signal {z^ with P components, This vector signal {z^ is inputted into a paiallei serial 

converter (block P/S iu Fig. 3) which generates a scalar signal y which is constitated by 
10 cansecuthre blocks of il/ samples. Each block is built with Jl^satnples of each block of {z^^} 

with«K>,l,M.Jl/-l. 

The equalizer &rther includes a detector (block DETECTOR in Fig. 3), The 

input to the detector is a discrete^hne signal d , given by the sum of the output of the P/S 
block and the output of an FB block which is described in greater detail below. The 
15 output of the detector is a discrete time signal <f , whose samples are chosen from the constel** 
lation. The chosen constellation symbol has a lUiniTnuTn Euclidean distance fiom the 
corre^onding input sample. 

Further, there is provided a feedback input generator (blods FEEDBACK 

INPUT GENERATOR in Pig- 3) which receives the scalar signal ^ and outputs a signal built 
20 by consecutive blocks, eacdi including £b[St the PNseq^ and then M$atxipl^c>f the output 
of the detector* 

The output signal fiom tiie feedback inputted generator is inputted into the FB 
block vAMx outputs tiie scalar signal The FB block perfomis a linear 01t^3tig of the input 
signal, and the impulse response of the filtering is ghT^en by {spB^ni * filtering, the 

25 equalisation is adapted to the particular traosmis^on chaunel condition under which the 

transmission in p^ormed. 

The above described equalizer must be changed according to Hie particular 

conditions of the transmission nxedium. In particular> the fiiont ends and the transmission 

medium can be modeled as cs^cade of a finite impulse response filter (the transmtssUm filt&r) 
30 and additive Gaussian noise* Assuming that the tranmiission channel frequmcy response is 

known at die receiving side» the equalizer parameters are computed with the aim of a proper 
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work of flie equalizer and in partioiilar minimizing the power of tiie noise plus distortion at 
the kput of fixe detector (block DSTSCTOR fai Fig. 3) as follows: 
- Parameters: Z. P^M +L. iVp^ 



- Jxspat: a sequence JP complex samples {Hp} which are the estinurted P-points 
5 FBT of the chaqnd impulse response. 

- Output: equalizer parameters {Gpp^} and {gy^^^}. 
>• Algorithm: 

1. Let gj?ff=igjps^i, gpB^, gjTB^Js]-^* (where (□)^denotes the tran^ose), 

2. Build the matrix (A} with entries 



3> Build the column vector (i) with entries 



4. Solve file linear system of Njp^ equations witih unknovms A spg=h. 

5, Cconpute the feedfbrward filter coeffidents as fbUowa: 

15 »=Q,U,P-'l, 



other embodiments: If the signal to noise power ratio P is known at the receiver, then 



^1 -^*2lfc!2i 



and 



20. . d^l=IIt^i5^. i=s»isiy«,. 



Die eibove described system can be api^ed to all broadband transmission systems; fiiese 
include a wired transmission (all xDSL systems) and a wireless traosmisaon (Elipetlan and 
lEBBSOZ.! 1 standard and DAB^VB). 



^ ^ 017 30.08.2002 15:38 

PHIT020025EPP 



11 28.08,2002 
The mentioiied system substitutes the OFDM modulator/demodulator and the 
equaJizer. Transmissiott fonnat must ohaaged from the cyclic-extended transmissioii to the 
PN-extended transmission. 

In summary, the above described equalizer is an alternative in the systems 
5 where OFDM is used or has been proposed for application. The above described device is a 
physical layer component In the ISO-OSI abstraction of a communication ^^tem, the 
xnedimxi access control QAAC) layer guarantees the quality of the transmission for exaniple 
by error correcting codes. The above described device provides this MAC level with a fitoam 
of symbols having the isame rate of an equivalent OFDM but with a bit earor rate equal or 
10 even lower than OFDM. FurChennore^ the above described system is more resilient to 
frequency effect pbenomeaa and it requires a simpler power amplifier, aince the peak to 
averaged power ratio is lower than OFDM. Moreover^ when compared to sin^e canier 
equalizers it is both simpler and more efficient. 

Althou^ the invention is described above with reference to an example shown 
15 in the attached drawings:^ it is parent that the invention is not rratiicted to it, bat can vary hi 
many ways within the scope disclosed in the attached claims* 
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CLAIMS: 



1 - A frequency-domain decision feedback equalizer device for single carrier 

modulatiott^ preferably for use in a broadband communication system^ including 
a first section comprising: 

- a &st Fourier transfoiming means for perfemiing a fa$t Fourier 

5 tranafemiation on a first vector of signals inputted into said first section^ and outputting a 
second vector of signals, 

- a feed forward eq^Iization means for perfomiLag a feed forward 
equalization by multiplying each of the components of said second vector of signals with 
equalization parameters, and outputting a third vector of signals, and 

10 - an inverse fast Fourier transfomiing means for performing an inverse fast 

Fourier transfomiation on said third vector of sigualSj and ou^utting a feurth vector of 
signals; and 

a second section compri$ing: 

- a feedback filter means for perfbmiing a linear filtering of a signal derived 
15 from an output signal of said second section, 

- an adding means for adding the output signal of said feedback filter means to 
the output signal of said first sectiox^ and 

- a detector means fbr receiving the output signal of paid adding means and 
generating said output signal of said second section by extracting samples firom the output 

20 signal of said adding means. 

2. The device according to claim 1, wheirein said feed fonyard equalization 

means is provided for generating equalisation paramete;rs adapted for minimizing the signal- 
to-noise ratio of the signal processed in the frequency-domain decision feedbadc eqiiali^ 
25 device* preferably in the output signal of said first section. 



3* The device according to claim 1 or 2, wherein said feed forward equalization 

means is provided for generating equalizadon parameters by taking into account a fest 
Fourier tcansfomxation estimation of a channel impulse response of the signal processed in 
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tbe freqaenoy-<iomam decision feedback equalizer device, preferably in the output signal of 
aaid Sxst section, 

4. The defvice according to at least any one of tiie preceding claims, wherein said 
5 first section further comprises: 

- a serial to parallel converting means for converting a sequence of signals 
isoputted into said first section to said first vector of signals^ and 

- a parallel to serial converting means for converting said fiDurth vector of 
signals to a sequence of output signals of said :Qrst section. 

10 

5. The device according to claixn49 wherein said s 
mesns is adapted to receive scalar signals* 

6. The device accoixling to claim 4 or 5, whesdn said signal to parallel 

IS converting means is provided to generate said first vector of signals including blocks of a 
predeteimined number (P) of consecutive samples of the signals inputted hxto said first 
sectiozL 



7. The device according to at leaist any one of claizos 4 to 6, wherein said parallel 
20 to s^al converting means and said feedback filter means are provided to output scalar 
signalSi ....... 



8 » The device according to daims 6 and 7, vdierein said parallel to serial 

converting means is provided to output a scalar signal 00 which is constituted by 
25 consecutive blocks of a predetermined number (M) of san^les^ each block being built with 
ifae predetermined number (M) of samples of each block of said fburth vector of signals* 

9, The device according to at least any one of the preceding claims, wherein said 
detector means is adapted to recdve and output discrete time signals* 

30 

10. The device according to at least any oiie of the preceding claims, wherdn said 
detector means is provided to generate said output signaL 
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1 1. The device according tx> at least any one of the preceding claims, wh^ein said 

second section fuxther cotxrpjises a feedback input generator means for receiving said oa^nt 
si gnal of said second section and providing an output si^al xvhicfa is built by consecu tive 
blocks, each block including SxBt a psendo noise sequence and second a predetennined 
5 number of samples &om said output signal of said section, to said feedback filter means. 



12. A receiver of a communication system using a single carrier modulation, 
wherein said receiver includes a frequency-domain decision feedback equalizer device 
according to at least any one of the preceding claims. 

10 

13, A transmittOT of a coimnunication system using a single carrier modulation, 
for transmitting data, comprising a modulating means for organizing the data in blocks 
wherein each block is separated by a sequence of a predetermined signaL 

15 14. Tiie transmitter accordmg to claim 13> wherein said sequence is fixed. 

15. The tcansmitti^ according to claim 13 or 14, wherein said sequence is a pseudo 

noise sequence. 

20 16. The transmitter according to at least any one of claims 13 to 15, whereia said 

- , piedeteimined.signal con^riges arepetitionof asjmbol or arqpeti^onof aseai^^ 

symbols. 

17^ A communioation system including a transmitter according to at least any one 

25 of claims 13 to 16, and areceiver according to claim 12, 

jg^ A frequency-domain decision feedback equalizing method for single earner 

modulation, preferably for use in ahroadband cgnamunlcalion system, comprising the steps 

30 in a first section; 

- petfotming a &st Fourier transformation on a first vector of signate izq>utted, 
and as a result providing a secorul vector of sigoalSs 
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- p€dJoTmiiig a feed forward equaliization by multiplymg each of the 
components of said second vector of sigoals witlji equalization parameters^ and as a result 
providing a third vector of signals, 

- performing an inverse fast FoiniOT transformation on said third vector of 
5 signals, and as a resnXt providing a fourth vector of signals, and 

- providing an output signal of said first section on the basis of said fourth 
vector of signals; and 

in a second section: 

1- performing a hnear feedback filtering of a signal derived fiom an output 
10 sigoal of said second section^ and providixig a filtered signal^ 

- adding said filtered signal to said output signal of 
providing an added signal, and 

- gengrating said oulprut signal of said second section by extracting samples 
&om said added signal. 

15 

19. The method according to claim 18, i9vh^in in said feed forward equalissation 

step equalization parameters are g^erated ad^ted for rninimizing the signal-to-noise ratio of 
tibe signal processed^ preferably in the output signal of said first sectiorL 

20 20. 13ie xnetliUDd according to claim 18 or Id^wherdn in sai 

equalissation st^ eqnalis^on parameters are generated by takmg into, account a.&st Fourieir 

tiansfoimation esthnation of a dhounel impulse iiesponse of fhe signal processed, preferably 
in the output signal of said first section. 

25 21* The method according to at least anyone of claims 18 to 20» comprising in 

said first section the fbplher aieps o£ 

- serial to paralld converting a sequence of signals inputted into said first 
section to said vector of signals, and 

- parallel to serial converting said fourth vector of signals to a sequence of 
30 output signals ofsaid first section. 



22. The method according to daim 21> wherein said s^al to parallel convertmg 

step is provided to process scalar signals. 
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23. The melliod according to claim 21 or 22, wherem said signal to paraUel 

converting step is provided to generate said first vector of signals including blocks of a 

predetermined number C P ) of consecutive samples of t1i^ f^sp^h ^'^ipntted into said first 

section. 



24. The method according to at least any one of claims 21 to 23, wherein said 

parallel to $^al converting step and said linear feedback filtering step are provided to ou^nt 
scalar signals. 



10 25. The method according to claims 23 and 24* wherein said parallel to serial 

converting step is provided.to output a scalar signal (Y) which is constituted by consecutive 
blocks of a predetermined number (M) of samples, each block being built with the predeter-* 
nuned number (M) of sampler of each block of said fourth vector of signals, 

X5 26. The method according to at least any one of claims 1 8 to 2S» wherein said 

extractsng step in said secmd section is ad^ted to process discrete time slgtiaZs. 

27« The method accoxding to at least any one of clauns 18 to 26» wh^in said 

extracting step in said second section is provided to generate said ou^ut sigoaL 

20 

28. The me&od according to at least any one of claims 18 to. 27, comprising in. . . 

said second section a feedback input generating step £br processing said output signal of said 
second section and providing an output signal which is built by consecutive blocks, each 
block including first a pseudo noise sequence and second a predetemuned number (M) of 
25 samples fix>m said output signal of said section, to said feedback fitter means, 

29» AmeGhod for tnmsmitfjng data using a single carrier modulation* comprising a 

modulating step for organizing the data in blodca wherehx each block is separated by a 
sequ^ce of a predetermined signal. 

30 

30. The mefihod according to claim 29, wherein said sequence is fixed. 



31. The method according to claim 29 or 30« wherdn said sequence is a pseudo 

noise sequence. 
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32. The metiiod accoTding to at least any tme of daiins 29 to 31» wherdn said 

predetermined sigDal comprises a repetition, of a symbol or a repetition of a sequence of 
sytDbols. 
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ABSTRACT: 



Disclosed is a fiegt^oy-domaixi decision feedback equalizing method aad 
device foi single earner modula(ioii» pre&rably for use in a bioadband commmilcation 
system, wherefai in a first section a &st Fourier transformation is perfoimed on a fccst vector 
of signals ii^)iitted, and as a r^ult a second vector of signals i$ provided, a &ed forward 
5 equalization is performed by multiplying each of the components of said second vector of 
signals with equalization parameters, and as a result a third vector of signals is provided, an 
inverse Ihst Fouci^ transfonnation is perfbnned on said tiurd vector of signals^* and as a result 
a &urth vector of signals is provided, and an ou^ut signal of said first section is provided on 
the basis of said fourth vector of signals; and in a second section a linear feedback filtering of 
10 a signal derived from an output signal of said second section is perfbtzned, and a filtered 
signal is provided^ said filtered signal is added to said output signal of said first section^ and 
an added signal is provided^ and said output signal of said second section is gen^ated by 
extracting samples fi:om said added signaL 
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